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Abstract 
Set-size effects play an important role in theories of visual attention and the effects of 

attentional load upon performance. Visual search theories attribute slower response times to 

changes in absolute set size. Recent studies have implied that the set-size effects could originate 

from changes in relative set-size  (e.g. the target-to-distractor ratio). Using an iPad foraging 

task we measure the effects of relative and absolute set size. Participants were required to 

complete tasks where either relative set-size or absolute set size were altered. Results show that 

manipulations of relative set-size have an effect beyond absolute set-size.  

 
 
 
  



  

 5 

From the moment that we are born we use our senses to interact with our environment. Our 

vision serves an important function making us able to locate things that are vital to our 

survival, be it food or imminent danger. Vision has interested researchers in various scientific 

disciplines for decades. This is understandable as vision gives us tools to understand and 

contemplate the world around us. As we mature and as our environment evolves, the search 

we implement grows in complexity. At any given time, there is an abundance of stimuli in 

our visual field competing for our attention. We have to guide attention to the things that 

matter at that moment in time. From searching for specific coins to use for a parking meter to 

be looking for our golf ball in the rough. Ever tried looking for a needle in a haystack? 

 

History 

The visual search literature has been growing for decades with increasing importance 

being put into understanding what mechanisms are at work. During the second World War 

Bernard Koopman wrote, in collaboration with other scientists, about the “theory of search”. 

Articles by Koopman might be the first articles dealing with the various functions regarding 

search behavior (Nakayama & Martini, 2011. Shortly after, Hubel and Wiesel revolutionized 

vision research with their seminal work on the organizations of neurons that provide the basis 

of visual perception (Wurtz, 2010). Expanding on that, a myriad of research followed with 

the aim of determining how the visual system analyzes the world before it (Nakayama & 

Martini, 2010).   

Early research on visual attention with search tasks typically involved single-target searches, 

with observers detecting the presence or absence of a single target amidst distractors of 

various sorts (Wolfe, 1998). Feature Integration Theory (Treisman & Gelade, 1980) 

represented a massive leap forward for research on visual attention. The theory posited that 

search could be pre-attentive or attentive and introduced the idea of distinct feature maps that 

guided our search behavior (Treisman & Gelade, 1980).It has been widely assumed that 

search is guided by attention where a target that separates itself from distractor by a unique 

single feature can be found relatively quickly using parallel search across the visual field 

(Treisman & Gelade, 1980; Wolfe, 1998). Parallel search would occur in the pre-attentive 

and has a person scanning the visual field as a whole. In this type of search the relevant 

stimuli would seemingly “pop-out”, eliciting a fast response. In contrast, when an observer is 
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required to search for a target that differs from the distractors by a conjunction of features 

(for example, color and shape) the parallel search option is no longer feasible. Searching 

would then occur serially as attention is guided to each stimulus to bind its features together 

thus determining if it meets the search criteria or not. This could, for example, involve 

searching for a red square amongst distractors that are blue squares and red circles. The 

square shares a feature with both distractor types, so that it does not ‘pop-out’ on any single 

feature, so that observers have to search serially through the items. In Treisman’s theory, 

conjunction search involves cross-dimensional processing, where at one level the features are 

recognized and at another level, information is put together. This type of search is relatively 

slower than the parallel search explained above and depends on the relationship of target to 

distractor and complexity (Treisman & Gelade, 1980; Wolfe, 1998; Kristjánsson, 

Jóhannesson & Thornton, 2014). Treisman’s theory although now fairly criticized was a 

necessary step in expanding the visual search literature (Wolfe, 2003).   

Recently it has been proposed that single target research may not be an accurate 

reflection of how we orient visual attention on a daily basis (Jóhannesson, Thornton, 

Chetverikov & Kristjánsson, 2016; Gilchrist, North & Hood, 2001; Wolfe, 1998). Even so, 

there has been much less research on searches with multiple targets (Wolfe, 2016). These 

hybrid searches include the role of memory and attention in search behavior and may better 

represent and encompass the complex visual environment with which we interact. To further 

explain, when going to the supermarket for fruits and vegetables we rarely look for the apple 

but rather we search for several apples that meet our criteria of a suitable fruit.  

  

Foraging 

Foraging behavior has been most extensively studied in the animal world (Wolfe, 

2016). It involves the gathering of resources where selection can be determined by the cryptic 

or conspicuous nature of said resources. When the selection items are conspicuous, animals 

tend to switch randomly between food sources. However, when the selection items are 

cryptic, animals show behavior in which they gather food from the same source in non-

random sequence (Dawkins, 1971; Kamil & Bond, 2006). This kind of behavior is believed 

to have been shaped by natural selection and is under some constraints from the animal itself 

(Pyke, Pulliam & Charnov, 1977). Foraging in animals is a complex behavior in which the 
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animal has to maximize the net rate of energy intake while maintaining fitness. This gets 

even harder when time constraints are introduced as well as scarcity in food sources 

(Schoener, 1971). How the foraging activities are best optimized is still debated.  

 Animals trying to make the best of available resources will face a problem when it 

comes to deciding when to leave the environment or “patch” they are gathering from. Gibb 

(1958) put forth the hypotheses of “hunting by expectation”. It states that animals grow to 

expect a certain amount of food available in each patch and that they leave when that amount 

of food is gathered.   

The marginal value theorem (MVT) proposed by Charnov (1976) involves an effort to 

quantify foraging behavior. It makes use of the idea that animals search for food sources in 

patches (e.g. bushes of berries spread out or field of apple trees). The marginal value theorem 

states that as the average yield of a “patch” drops below the average rate of return the animal 

turns to a new patch. This movement rule was supported by experiments on chickadees where 

they were put in two environments, one with high average rate of food intake and the other 

low. In this experiment, the time between the last capture of food and when the chickadee left 

a patch was defined as “giving up time”. In support of MVT the chickadees showed lower 

giving up times in the high rate of food environment (Krebs, Ryan & Charnov, 1974). There 

has also been evidence presented showing the same types of behavior in birds (Charnov, 

1976).  

Recent research has shown that optimal foraging might not be as simple as proposed 

by Charnov. Animals might not be dedicated to knowledge about the average yield rates. In 

order to forage optimally they must know their environment which might never happen. 

Ollason (1980) presents interesting research on why the hypotheses of optimal foraging 

might be unreliable. The idea that an animal leaves a patch at an optimal moment can be 

purely coincidental, a mere artifact. The logic of optimal foraging in animals can suffer from 

circular reasoning as there are hardly ways to truly test whether a maximal feed was 

accomplished or not (Pierce & Ollason, 1987; Ollason, 1980).  

Studies on foraging behavior in humans first emerged a few decades ago. In his 

“bead-game” Bond (1982) presented subjects with a collection of beads which they had to 

sort as fast and accurately as possible. The discriminability of the beads was manipulated to 

make the sorting more challenging. The results showed that subjects who sorted beads in 
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longer “runs” (or non-random sequence) where more efficient in solving the task than those 

who implemented a more random approach to sorting. Discriminability did not seem to be a 

factor as subjects seemed to sort non-randomly independent of how well they could tell the 

beads apart. This provides interesting similarities to research on foraging patterns in animals.  

Kristjánsson and colleagues (2014) made use of an iPad to administer a multiple 

target foraging task. The task had observers search for 40 targets amongst 40 distractors (80 

items on screen in total). The search task had a “feature” search paradigm with targets 

defined by color (e.g. red and green), observers had to tap two target categories while 

avoiding tapping the distractor categories. The “conjunction” paradigm featured targets 

defined by color and shape (e.g. red squares and green discs and vice versa). Observers had to 

tap the two target categories while avoiding the distractor categories.  The results showed that 

observers could switch freely from one target category to the other during feature foraging. In 

the conjunction foraging task, observers tended to exhaust one target category before moving 

on to the other. 

Humans seem to demonstrate a similar behavior to animals when it comes to 

searching within patches and in a foraging task it is possible to define each trial as a patch 

(Wolfe, 2013). There is nothing optimal about continuing search when there are no targets 

left or when searching wastes time and attentional resources that could be guided into fruitful 

discoveries (Wolfe, 2013). It is important to question when to terminate a search. “Patch-

leaving behavior” is a term coined to reflect when a search area has been deemed exhausted 

or not worth further attentional resources and the foraging animal moves towards a new 

patch. 

 

Visual working memory & foraging 

Working memory capacity is an important part in theories of cognition. This capacity 

is thought to explain difference in cognitive ability and is used for various tasks (Luck & 

Vogel, 2013, 2008; Meyer & Kieras, 1997). More recently research has been focusing more 

on visual working memory and its capacity. Visual working memory (VWM) guides us and 

makes enables us to use visual information to solve present tasks (Luck & Vogel, 2013). 

Findings have suggested that VWM may be a visual system that represents information over 

short periods of time (Luck & Vogel, 2013).  
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 Theories have both suggested that VWM capacity is a continuous resource and that it 

is limited to some extent. Continuous VWM can divide its resources among items but as the 

set size increases fewer resources are attributed to each item resulting in reduced precision 

(Luck & Vogel, 2013; Bundesen, 1990). The other theory posits that VWM is limited to a 

certain number of items that it can store. When items go above the max limit, the VWM only 

stores information about items up to the max capacity, but holds no information about other 

items (Luck, 2008; Olivers, Peters, Houtkamp & Roelfsema, 2011) 

 When it comes to search there is a general consensus of the use of search images or 

templates. These templates are thought to be stored in VWM (Kristjánsson & Kristjánsson, 

2018; Kamil & Bond, 2006; Kristjánsson, 2015). There has however been some debate 

regarding how exactly the templates guide attention. Olivers et al. (2011) proposed a theory 

where a single template can be active in VWM at any time with other templates in accessory 

state ready to be called upon. This would mean that switching templates would impact search 

speed. In contrast Alvarez & Cavanagh (2004) set forth a theory of attentional load. In their 

theory, the VWM is a capacity driven resource with no limits on how many templates are 

active at any given time.  

 

Set-size effects 

Set-size is defined as the total number of stimuli presented to the observer in a visual 

search task (Treisman & Gelade, 1980; Kristjánsson, 2015). The effect that variable set-size 

has on the completion of a search task is assessed by measuring the observers response times. 

In visual search studies where observers have to determine whether a target is absent or 

present the response times for feature search tasks stay the same independent of the addition 

of distractors. In conjunction search tasks the response time change and slow down as more 

distractors are added to the task (Wolfe, 2003). Treisman & Gelade (1980) posited that in 

feature search, search times are much less affected by set-size than in conjunction search with 

an almost linear increase with each distractor. The reason for this according to many is that in 

feature search observers can detect targets pre-attentively. In conjunction search, reaction 

times seem to increase up to 50 ms with each distractor (Wolfe, 1998; Kristjánsson, 2015).  

 Kristjánsson (2015) criticized the practice of using search slopes like these to make 

inferences about visual attention, presenting results of experiments that the two-stage model 
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could not explain (Kristjánsson et al. 2014; Nakayama, 2011).  It is still unclear if the 

changes in slopes represent the growing set-size or the change in target-to-distractor ratio 

(Kristjánsson, 2015). The same problem exists in multiple-target search where both absolute 

set-size and relative set-size change as the trial progresses.  

 A recent study by Kristjánsson, Thornton, Chetverikov & Kristjánsson (under review) 

measured the effects of absolute and relative set size during feature and conjunction based 

foraging experiments. Using a modified version of the iPad foraging task introduced by 

Kristjánsson (2014) observers had to tap stimuli from two stimulus categories while avoiding 

two other stimulus categories. The experiments manipulated either target-to-distractor ratio or 

the set-size. Their results showed that relative set-size had strong effects on foraging 

performance and the cost of switching between target categories. However, even with 

manipulation of absolute and relative set-size the effects are still unclear as both set-sizes 

change during both manipulations.   

 

Present study 

For the present study, the aim is to further investigate the effects of absolute versus 

relative set-size on foraging performance. To do this we introduce 3 paradigms expanding on 

the iPad search task designed by Kristjánsson et al. (2014). The first paradigm is the original 

foraging task involving 40 targets and 40 distractors (absolute set-size: 80; relative set-size: 

50%). In this, observers tap targets from two categories while avoiding other two distractor 

categories. When targets are tapped the set-size decreases and the target-to-distractor ratio is 

altered. We expect similar findings as Kristjánsson (2014) where search times are faster in 

feature search and slower in conjunction search. 

In the second paradigm observers again tap two target categories while avoiding the 

two distractor categories. When targets are tapped they are replaced by one of the two 

distractor categories. This holds the absolute set-size constant at 80 but alters the target-to-

distractor ratio. The expectation is that as the target-to-distractor ratio changes, search will be 

harder resulting in slower completion of the task.  

In the third paradigm observers tap two target categories while avoiding two 

distractor categories. When a target is tapped it disappears along with a random distractor 

somewhere on the screen. This allows absolute set-size to decrease but the target-to-distractor 
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ratio to be held constant at 50%. This might result in slower completion times. By using these 

three paradigms we are able to independently hold the absolute and the relative set-size 

constant and manipulate the ratio between targets and distractors.  

  

 

 

Method 

 

Participants 

14 students at the University of Iceland (9 female), 21 – 28 years old, (M = 24.2) 

participated in this experiment. All of them reported normal or corrected to normal vision. All 

participants reported normal color vision. Participants received no payments or rewards for 

participation. The experiment took place at the University of Iceland’s vision lab. All aspects 

of the experiment were approved by the appropriate ethics committee and conformed to the 

ethical guidelines set out by the Declaration of Helsinki for testing human participants. 

 

Equipment 

The stimuli were displayed on an iPad 2 with screen dimensions of 20x15 cm and an 

effective resolution of 1024x768 pixels. The iPad was placed on a table in front of participants 

in landscape mode making viewing distance approximately 60 cm. The presentation of stimuli 

and subsequent data collection were carried out with a custom application for iPad written in 

Swift using Xcode.  

 

Design 

The experiment is a within subjects design with repeated measures. It has a 3x2 design with 3 

tasks and two conditions. In all tasks participants are instructed to tap two target categories 

while avoiding two distractor categories however in each task the absolute or relative set-size 

is manipulated in some way. The classic task is aimed at manipulating both absolute and 

relative set size. It starts with 80 stimuli on screen and a 50/50 target-to-distractor ratio. When 

participants tap a target it disappears from the screen. In the replace task participants again 

start with 80 stimuli on the screen. When a target is tapped it changes randomly to one of the 
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distractor categories altering the target-to-distractor ratio, and therefore the relative set-size. In 

the disappear task participants started with 80 stimuli on screen. When a target was tapped it 

disappeared from the screen along with a random distractor stimuli. This alters the absolute set 

size with it decreasing by 2 at each tap while the target-to-distractor ratio is held constant.  

 The conditions of the experiment were feature search where participants searched for 

either red and green dots while avoiding blue and yellow dots or vice versa. In the conjunction 

condition participants searched for either red squares and green dots or green squares and red 

dots.  

 

Stimuli 

For feature-based foraging the targets were either red and green disks and the distractors 

yellow and blue disks for half of the participants while this was reversed for the other half. 

During conjuction-based foraging the targets were either red squares and green disks among 

green squares and red disks as distractors for half of the participants, while this was then 

reversed for the other half.  

 The items were randomly distributed across a non-visible 10x8 grid offset from the 

edge of the screen by 150x100 pixels. The whole viewing area therefore occupied 15x12 cm 

(approximately 14.3x11.4°) The exact position of individual items within the grid was jittered 

by adding a random horizontal and vertical offset to create less uniform appearance. The 

diameter of stimuli was 20 pixels, approximately 0.37°. Gaps between rows and columns 

ensured that items never approached or occluded on another. The overal spatial layout and 

location of targets and distractors was generated independently for each trial. 
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Figure 1: An example of foraging tasks can be seen above in Figure 1. Panel A shows the start of a 
trial of feature foraging and the replace task. Panel C shows the same trial halfway through. It should 
be noted that the target-to-distractor ratio changes as participants tap more targets. Panel B shows the 
start of a trial of conjunction foraging and the disappear task. In panel D we have the same trial halfway 
through. When targets are tapped and disappear a random distractor disappears as well keeping the 
target-to-distractor ratio at 50% but the absolute set size changes as the trial progresses.  

  

Procedure 

The experiment was run in a small room with mild overhead lighting. Participants were 

given instructions about each condition and to tap as quickly as possible without sacrificing 

accurancy. The experiment was comprised of three conditions that participants had to finish.  

The classic condition, where participants had to tap two target categories while avoiding two 

distractorg categories. When target stimuli was tapped it disappeared from the screen altering 

both the absolute set size (-1 with every tap) and the relative set-size decreased as well. The 

disappear  condition, where a random distractor on the screen disappeared when a target 

stimuli was tapped. This condition holds the relative set-size constant at 50% but alters the 

absolute set-size (-2 with every tap). The replace condition, where a target stimuli is replaced 

by a distractor when tapped. This condition alters the relative set-size but holds the absolute 

set size constant (at 80 stimuli). The color of targets, the order of tasks and conditions were 
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counterbalanced. When participants had been familiarized with the trial conditions they were 

to start out with practice trials to familiarize themselves with the iPad and the stimuli. Each 

participant completed 3 practice trials per condition Participants were told that they were 

required to complete 20 trials for each condition. One trial refers to a completed sequence 

where all 40 targets were tapped. When participants felt they were ready they pressed a “play” 

button on the screen starting the trials. If a distractor was pressed during the trial an error 

message appeared and participants had to press the play button to restart the trial. When all 

targets had been finished, a smiley face appeared along with feedback about total trial time. 

Participants then tapped the screen to start the next trial, untill all 20 trials in each task was 

completed.   

 

Data analysis 

Data sorting began with identifying empty taps and error trials. Empty taps are defined 

as taps that miss any stimuli (16655 taps or 18.8% of total taps). Error trials are when a 

participant starts a trial but taps a distractor category, this ends the trial and the participant has 

to restart. Error trials were 193 or 11.4% of total trials. The total number of runs on each trial 

was measured as well as inter-target times which reflect the time between each tap on a target. 

Switch costs which are the difference in inter-target times when repeating a tap from a target 

category or switching between categories were measured. We examined three distinct phases 

that emerged, the cruise-phase which involves all inter-target-times except the last and the one 

after the middle of the foraging trial, the end-point which was the last inter-target time on each 

trial and the mid-point which was the inter-target time after half of the targets had been tapped. 

A 3x2 Repeated measures ANOVAs were used to examine all effects with conditions (feature 

and conjunction) and tasks (classic, disappear, replace) as the independent variable. As the 

variables had two or more levels the Greenhouse-Geisser correction was used to correct for 

non-sphericity. All ANOVA tests had an alpha level of .05.  

 

 

Results 

Differences between foraging patterns used by participants in finishing their tasks were 

in line with results from literature regarding foraging patterns (Kristjánsson & Kristjánsson, 
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2018). During feature foraging participants seem to use random switching from one target 

category to the other. However in the conjunction foraging paradigm we see a significant 

decrease in the number of runs. This fits well with the theory of increased attentional load 

causing one target category to be exhausted before the other. The distribution of the number of 

runs can be seen in Figure 2. 

 
Figure 2- Number of runs for different tasks and conditions. Panel A shows histograms for feature 
foraging. Panel B shows histograms for conjunction foraging. As we can see the distributions are 
distinctly different between feature and conjunction conditions and when looking at the tasks there is a 
considerable difference that emerges in the percentage of trials completed in two runs between the 
classic task and the disappear task. 

A repeated measures ANOVA on the average number of runs was conducted with 

condition (2) and task (3) as factors. There was no significant main effect found for tasks with 

F (1.02, 13) = .358, p = .565, 𝜂"# = 	 .027. This suggests that the three task paradigms do not 

lead to any unique foraging patterns. There was a significant main effect found for conditions 

F(1, 13) = 227.810, p = .000, 𝜂"# = .946 which has also typically been seen in other studies 

within foraging literature (Kristjánsson et al., 2014, Jóhannesson et al., 2016). There was no 

significant interaction between task and conditions; F(1.61, 21) = 3.219, p = .069, 𝜂"# = .198. 

It is evident that with feature foraging, participants employ an almost random sequence when 

tapping the targets. This is true for all 3 versions of the task . In the conjunction foraging 

paradigm however it becomes harder for participants to employ a random strategy, choosing 

to exhaust one category before starting the other.  

Studying further the significant main effect found in the ANOVA on condition, two 

seperate ANOVAS were carried out, the first with only feature paradigms and the other for 
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conjunction foraging. There were no significant effects of tasks found with F(1.06, 14) = .172, 

p = .700, 𝜂"# = .013 for feature foraging and F(1.02, 13) = .744, p = .407, 𝜂"# = 	 .054 for 

conjunction foraging respectively.  

 Switch costs represent an increase in ITTs when participants choose a different target 

category than they previously did. Studying these switch costs can help with figuring out if 

stimulus properties have an influence on attentional load. Figure 3 shows line graphs for both 

the feature and conjunction conditions. On the X axis the repeated taps from the same target 

category are seperated from the switches between target categories and on the Y axis the mean 

ITTs. The feature foraging graph shows that participants are quick when it comes to switching 

between stimuli no matter the task and the switch costs are small. Participants do appear to be 

a bit slower in the Replace paradigm. With conjunction foraging it is evident that switching 

from one stimulus category to the next slows foraging perfomance down considerably, causing 

large switch-cost most noticeable in the replace paradigm.  

 
Figure 3. Switch costs for feature (panel A) and conjunction (panel B), represented by differences in 
inter target times when a target is from the same category or from a different category than the previous 
target. 

 

Repeated measures ANOVAs were carried out to confirm the pattern found in Figure 

2. Using condition, task and switch/repeat as factors in a 2x3x2 design. The ANOVA revealed 

significant main effect for task F(1.41, 18) = 35.497, p = .000, 𝜂"# = 	 .732.	There was also a 

significant main effect of condition, F(1.00, 13) = 52.590, p = .000, 𝜂"# = 	 .802.	There was a 

significant main effect of switch-cost, F(1.00, 13) = 61.437, p = .000, 𝜂"# = 	 .825. ANOVAs 
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also revealed significant interaction effect of all factors p < .001 including the three way 

interaction p < .001.   

 Seperate ANOVAs were carried out for feature and conjunction foraging. In the feature 

foraging paradigm significant main effects were found for tasks, F(1.47, 19.) = 47.291, p = 

.000, 𝜂"# = .784 and switch, F(1.00, 13) = 38.198, p = .000, 𝜂"# = .746.	There was also a 

significant interaction, F(1.22, 15) = 16.590, p = .001, 𝜂"# = .561.	 For the conjunction switch 

costs, the ANOVAs revealed significant main effects of task, F(1.42, 18) = 28.753, p =.000, 

𝜂"# = .689 and switch, F(1.00, 13) = 54.763, p = .000, 𝜂"# = .808. There was also a significant 

interaction, F(1.31, 17) = 19.103, p = .000, 𝜂"# = .595.  

The ANOVA findings show that the switch costs are considerably higher during 

conjunction foraging and are the highest in the replace task and lowest in the disappear task. 

 

 

 
Figure 2. Inter-target times (ITTs, in milliseconds) shown as a function of when a target was tapped. 
Panel A shows ITTs for feature foraging and panel B shows the ITTs for conjunction foraging.  

 

In the inter-target times of tasks there was a a distinct difference between feature and 

conjunction foraging. In feature foraging, ITTs are relatively stable around 300 ms in all tasks 

with a small increase in ITTs at the last target. It is interesting to note that on the replace task 

where relative set-size is altered, participants are slower with a small but noticeable switch 

peak recorded in the middle of the trial. In the conjunction paradigm ITTs are slower with a 
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considerable increase in response times when it comes to switching between stimulus 

categories (around the 21. target). When it is time for the last tap participants have a 

considerable harder time with the replace task when compared to other tasks. This might be 

due to the fact that relative set-size is altered in the replace task. When studying the patterns it 

reveals three phases, a cruise phase which includes all the targets except the middle and the 

end targets, a mid-point which is the middle of the trial when the participants are half-way 

through and end-point which is the last target tapped.  

Repeated measures ANOVAs were carried out on the cruise phase, midpoints and 

endpoints. ANOVAs for the cruise phase included the average slope for each participant in 

each condition as the dependent variable. Main effects were found for both task F(1.15, 15) = 

42.838, p = .000, 𝜂"# = 	 .767 and condition F(1.00, 13) = 23.034, p = .000, 𝜂"# = 	 .639. There 

was also a significant interaction F(1.71, 22) = 13.972, p = .000, 𝜂"# = 	 .518. Independent 

ANOVAs were used to further investigate the patterns. For feature foraging there was a main 

effect for tasks F(1.58, 20) = 18.739, p =.000, 𝜂"# = 	 .590. A main effect for tasks was found 

in conjunction foraging F(1.36, 17) = 31.655, p = .000, 𝜂"# = 	 .709. It is relevant to note that 

the significant effects found upon feature foraging might be due to the replace task. This task 

seems to be harder for participants.  

For mid-points the mean ITT for the mid-point for each participant was the dependent 

variable. A significant main effect was found for task; F(1.37, 17) = 10.658, p = .002, 𝜂"# =

.450 and condition; F(1.00, 13) = 21.983, p = .000, 𝜂"# = .628. There was a significant 

interaction effect found; F(1.46, 19) = 4.474, p = .035, 𝜂"# = .256. When independent analyses 

were carried out on feature and conjunction conditions there was no significant effect of task 

for feature foraging ; F(1.17, 15) = 3.774, p = .065, 𝜂"# = 	 .225. There was, however, a 

significant main effect of task during conjunction foraging; F(1.44, 18) = 8.005, p = .006, 𝜂"# =

	.381. 

ANOVAs on end-points were made on the mean ITT of the end-point for each 

participant in each condition. There was a significant main effect for task; F(1.16, 15) = 29.565, 

p = < .001, 𝜂"# = .695 and condition; F(1.00, 13) = 33.146, p = .000, 𝜂"# = 	 .718. There was a 

significant interaction between task and condition; F(1.14, 14) = 21.111, p = .000, 𝜂"# = 	 .619. 

Independent analyses revealed significant main effects on both the feature condition; F(1.31, 
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17) = 30.886, p = .000, 𝜂"# = .704 and conjunction condition; F(1.15, 14) = 25.673, p = .000, 

𝜂"# = 	 .664. 

To summarize, there was no main effect of tasks for number of runs and they do not 

seem to force participants to employ any unique foraging patterns. There was a main effect of 

conditions, participants seem to switch randomly between target categories in feature foraging 

and tend to use fewer number of runs in conjunction foraging. For switch costs, participants 

are quick to switch between target categories in feature foraging independent of the search 

tasks. In conjunction foraging there is more of a switch cost especially in the replace task where 

relative set-size is manipulated. There is a main effect of both task and condition. ITTs are 

similar in both conditions and all tasks excluding the mid-point and end point which are 

considerably higher in conjunction foraging. The replace task, where the relative set-size is 

altered, has the highest mid-and end-point in both conditions.  

 

 

 

 

 

Discussion 

 

Set-size effects have played an important role in theories of visual attention and the effects of 

attentional load upon performance. Usually these effects have been measured in single target 

search experiments with results attributed to the changes in absolute set-size. A considerable 

limitation regarding these experiments is that the findings could just as well be explained by 

the relative ratio between target and distractor. Multiple target search experiments (foraging 

experiments) can also have a confound when interpreting results in the sense that both 

absolute and relative set-size change throughout the trial. This present study is aimed at 

expanding on the results of Kristjánsson et al. (submitted) where the effects of absolute and 

relative set-sizes were measured. To do so, we modified the iPad foraging experiments 

designed by Kristjánsson et al. (2014). These tasks were expected to aid in isolating the 

effects that set-size has on search.  
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In the replace task participants had substantially slower inter-target-times. Cruise 

phases, mid-point peaks and end-point peaks were all slower than in the other two tasks 

completed by participants. These findings support the hypothesis that relative set-size has a 

larger effect on foraging than the absolute set-size. It‘s also worth mentioning that there 

seems to be a a small upwards slope in response time as the trial progresses. There is a 

definite difference between the replace and disappear tasks especially when it comes to 

participants tapping the last target. Logically it should be harder to find 1 target amongst 79 

distractors in contrast to find 1 target with only 1 distractor on screen as it is in the disappear 

task. This could be a limitation in the study worth looking at further. Participants were able to 

switch between target categories somewhat randomly in the feature condition while they 

typically exhausted one target category before moving to the other in the conjunction 

condition. The switch costs then revealed that participants had a much harder time switching 

between categories in the conjunction condition.  

As predicted, participants were fastest at completing the disappear task. In this task 

the absolute set-size was manipulated decreasing by 2 with each tap. Switch costs were 

around the same as in the classic task but were faster than in the other tasks when it came to 

the conjunction condition. The set-size decreases dramatically as the trial progresses which 

seemingly makes switching between target categories in the conjunction condition easier. 

Participants seem to use  a larger number of runs when it came to the conjunction condition 

of the disappear task which could indicate that the task posed a lesser attentional load than 

the other tasks. It could be hypothesized that a disappearence of a distractor when a target 

category is tapped could force participants to gaze at the placement of distractor. This could 

in turn force an inhibition of return to the previous search area. This is however a highly 

unlikely explanation as this task shows the fastest ITTs.  

Performance on the classic task was in line with other results from other research on 

foraging. The task had both the absolute- and the relative set-size change as the trial 

progressed and the participant kept tapping. In the feature condition participants seem to 

randomly switch between target categories while trying to stick to fewer runs on the 

conjunction condition. Switch costs were substantially larger in the conjunction condition 

than in the feature condition. This indicates that conjunction foraging requires more 

attentional resources than feature foraging. The cruise phase was the similar at around 300ms 
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for both feature and conjunction conditions but with larger peaks in the middle of the trial 

and the end for the conjunction condition. The cruise phase did not differ significantly 

depending on the search tasks presented. 

The number of runs employed by participants are in line with other research on 

feature and conjunction foraging. In feature foraging, observers seem to be able to switch 

between target categories almost randomly while during conjunction foraging, the majority 

tried to exhaust one target category before the moving on to the other. There was not a 

significant main effect of runs for the three search tasks. This indicates that  three search 

tasks do It seems that alterations between relative and absolute set-size do not have an effect 

on run behavior.  

 It is interesting to see that there was a significant main effect of switch cost for both 

the tasks and the conditions and effect sizes were similar. Conjunction foraging switch cost 

were higher than for feature foraging. Altering the relative set-size seems to have a dramatic 

effect on switch cost. A dramatic increase in ITTs in the replace task confirms this finding. 

This means that as the target-to-distractor ratio is altered it becomes increasingly harder for 

participants to find the next target.  

The findings of the study have interesting implications when it comes to single-target 

search tasks. It has been widely claimed that slower response times could be due to the fact 

that absolute set-size is being altered with additions of distractors. It could however very well 

be that slower response times are owed to the alterations of relative set-size as well. The 

findings in this present study as well as those of Kristjánsson & Kristjánsson (2018) indicate 

that relative set-size effects might have been widely underestimated and that single target 

search only provides a glimpse of the mechanisms that are at work in visual search.  

For some time there has been a debate over whether VWM is a resource which is 

capacity limited or continuous (Kristjánsson & Kristjánsson, 2018). Those favoring theories 

of attentional load maintain the view that more than one search template can be active at the 

same time and that the capacity of VWM is determined by the number of templates active. 

This means that as templates are added there should be a linear increase in switch costs.  In 

contrast others maintain the view that only one search template can be active in VWM at a 

time with others in accessory state. With a single-template VWM large switch costs are to be 

expected as a person switches from an active template to one in accessory state. Recent 
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studies show that in foraging tasks switch costs have been as low as 50 ms which poses a 

definite challenge for single-template theories (Jóhannesson et al, 2017.; Kristjánsson et al., 

2016). When participants were in the feature foraging conditions they seem to switch 

between target categories at almost random with very low switch cost indicating that they 

could easily switch between two templates. These results are more consistent with the theory 

of attentional load.   

This study aimed to further investigate and quantify the effects that set-size has on 

visual search. Findings are in favor of relative set-size having an effect on search 

effectiveness over and beyond the effects of absolute set-size.  
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